Background
Introduction
Lymphocytic enteritis (LE) is defined by normal villous architecture and intraepithelial lymphocytes (IEL) >25/100 enterocytes [1] . It is a frequent finding in 2% to 5.4% of duodenal biopsies [2] . LE is secondary to coeliac disease (CoD) only in a minority of patients, since it may be a response to other inflammatory processes in the gut. Other possible aetiologies of LE include infections (Helicobacter pylori), drugs (nonsteroidal anti-inflammatory drugs or acetylsalicylic acid) and autoimmune disease [3] . Observational studies have established CoD as accounting for 10% to 43% of cases with LE and positive HLA-DQ2/8 after exhaustive diagnostic work-up [4, 5, 6] . These 'minor' forms of CoD may have similar clinical manifestations to those with villous atrophy [7] .
However, these patients with 'minor' CoD often have negative coeliac serology, and thus do not fulfil the present criteria to diagnose CoD [8, 9] . In fact, using the present diagnostic criteria they should be included in the definition of non-coeliac gluten sensitivity (NCGS) [10] . For a diagnosis of NCGS it is necessary to rule out CoD by means of negative serology-endomysial and tissue transglutaminase IgA antibodies-and a duodenal biopsy with absence of villous atrophy on a gluten-containing diet. As such it is accepted that NCGS patients might have LE [11] . A recent systematic review revealed that 20% of patients with suspected NCGS who are HLA-DQ2/DQ8 positive, whose intestinal biopsy is classified as Marsh stage 1, and who have negative CoD serology, may come within the spectrum now recognised as CoD [12] , which some authors have called 'coeliac lite' disease [13, 14] .
In order to ascertain the role of gluten as a trigger of symptoms in patients with presumptive NCGS, several double-blind placebo-controlled dietary interventions have been published [15] [16] [17] [18] [19] . The first gluten vs placebo rechallenge trial showed that patients who received gluten had significantly more abdominal symptoms than those on placebo (68% vs 40%) [15] . The second study that investigated the specific effects of gluten after dietary reduction of fermentable, poorly absorbed, short-chain carbohydrates (FODMAPs) in subjects believed to have NCGS showed no symptomatic worsening after gluten challenge (16 g/d of gluten) as compared to placebo. Thus, there was no evidence of specific or dose-dependent effect of gluten on NCGS patients placed on a diet low in FODMAPs [16] . It is worth mentioning that patients included in these trials were HLA-DQ2/8 negative, and if positive they had a normal duodenal biopsy (Marsh 0) while on a gluten-containing diet. Results of more recent trials suggest that gluten challenge induces symptom recurrence in only a minority of patients who meet clinical criteria for NCGS [17, 18] . However, 60% to 70% of patients included in these trials were HLA-DQ2/8 negative, and at least in the Zanini et al study patients classified as Marsh 1 & 2 were included without ruling-out Helicobacter pylori infection and other causes of intraepithelial lymphocytosis [17] .
The recent ESPGHAN guidelines for CoD diagnosis suggest that in cases with low-grade enteropathy (including LE) both a high γδ IEL count and the presence of IgA anti-tissue transglutaminase (anti-TG2) deposits in the mucosa increase the likelihood of CoD [8] . Thus, these parameters are considered CoD tissue markers. In contrast to CoD, one study suggests that in NCGS there is no increase in T-cell receptor γδ IELs [20] . However, these parameters have only rarely been used to rule out CoD in patients in the literature with NCGS [12] .
The aim of the present research was to demonstrate in a 'proof-of-concept' study that gluten is the trigger of clinical symptoms in a subgroup of patients fulfilling the present criteria for NCGS. Patients in our study, in contrast to those included in recent trials, were HLA-DQ2/8+, had lymphocytic enteritis, and showed clinical and histological gluten dependency. In addition, the presence of CoD tissue markers while on a GFD was investigated, as a possible biomarker of 'coeliac lite' disease.
Patients and Methods

Study design
This was a double-blind randomised placebo-controlled clinical trial. Patients were included from February 2012 to December 2013. Last patient ended the follow-up period in May 2014. The study protocol was prepared in accordance with the International Conference on Harmonisation Guidelines for Good Clinical Practice and in full conformity with relevant regulations. The ethical committee of Hospital Universitari Mutua Terrassa approved the study protocol in September 2011. All participants gave written informed consent to participate in the trial. The study protocol was registered at ClinicalTrials.gov with number NCT02472704 in June 2015 (the study protocol, the study database and the Consort 2010 checklist are given S1 and S2 Protocols, S1 File, and S1 CONSORT Checklist). At present, there are no other related trials for this intervention. As mentioned, the trial was designed as a proof-of-concept study to demonstrate that there was a subgroup of patients fulfilling the present criteria of NCGS who, in contrast to others in recent studies [16] [17] [18] , show a high percentage of gluten-dependency. Since in the Biesiekierski et al study [16] , a challenge dose of 16 g of gluten daily had an effect similar to that of placebo, we decided to administer 20 g of gluten daily, taking into account that in Spain a gluten-containing diet has roughly 10 to 40 grams of gluten per day.
Study population
Men and women aged 18 years or older were eligible for randomization if they had: 1. Presence at initial diagnosis while on a gluten containing diet of: a) LE on distal duodenum biopsy samples defined as IEL >25/100 enterocytes; b) gastro-intestinal clinical symptoms within the clinical spectrum of CoD; c) negative serology for CoD (both serum IgA anti-tissue transglutaminase antibody-anti-tTG2-and anti-endomysium antibodies-EmA) (IgA deficiency was excluded); and d) positive HLA-DQ2.5 and/or HLA-DQ8 haplotypes; 2. Clinical and histological remission after a GFD evaluated after a minimum follow-up of 12 months; and 3. No previous studies of either IEL cytometric pattern or anti-TG2 IgA subepithelial deposits.
At the initial diagnosis, other LE aetiologies, such as non-steroidal anti-inflammatory drug intake, parasitic infection, and Helicobacter pylori infection, were appropriately ruled out.
Exclusion criteria were: 1. A previous diagnosis with CoD, i.e., positive coeliac serology and/ or villous atrophy; 2. Intake of either non-steroidal anti-inflammatory drugs or olmesartan in the month previous to the inclusion; 3. Presence of parasitic or Helicobacter pylori infection; 4.
Use of corticosteroids or other immunosupressants for autoimmune associated diseases that could affect the final results; 5. Participation in other randomised controlled trials in the previous four weeks; 6. Inability to adhere to the study visit schedule and other protocol requirements; 7. Other significant intestinal and colonic diseases; 8. Previous gastro-intestinal surgery (except appendectomy and inguinal herniorrhaphy); 9. Severe comorbidities; and 9. Pregnancy or breast-feeding.
Treatment allocation
A computer-generated list of random numbers was used for allocation of participants. This list was prepared by the Pharmacy Department of Hospital Universitari Mutua Terrassa without any clinical involvement in the trial. Eligible patients were randomly assigned to 1 of 2 treatment groups. The study medication was packed in boxes, and consecutively numbered for each patient according to the randomization schedule. Patients received either 10 g gluten opaque sachets or identical placebo sachets twice daily for 6 months in a double-blind fashion. Participants continued on a GFD throughout the study, and were instructed to mix the gluten or placebo powder with foods (in soup, yogurt, or purees). The 10 g gluten sachets contained 8.1 g gluten, 0.3 g fibre, 1 g fat, and 0.6 g carbohydrate; the placebo sachets contained 10 g maltodextrin (Fagron Ibérica, SA; Terrassa, Spain). There was no FODMAP content in the two types of sachets. The gluten and placebo powders were slightly different in taste but patients ignore how the other formulation was, and it was not possible to recognize gluten containing ones.
Assessments
Interim visits were made at weeks 2, 4, and 12. Patients unable to continue due to intolerable symptoms after at least 1 week were withdrawn from the study. In all visits patients were asked to complete a clinical symptoms questionnaire containing the questions for the primary outcome detailed below, using a 100-mm visual analogue scale (VAS) [21] , with 0 representing no symptoms, which assessed diarrhoea, abdominal pain, abdominal bloating, and flatulence. Thus, overall symptom scores ranged from 0 to 400.
At the beginning and at the end of the study (weeks 0 and 24, or at premature withdrawal), the changes in health-related quality of life (HRQoL) were assessed using the Spanish version of the Gastrointestinal Quality of Life Index (GIQLI) [22] . In addition, blood sampling for EmA and anti-tTG2 assays, and sample biopsies from 2 nd -3 rd portions of the duodenum for histology assessment, and determination of both IEL subpopulations by flow cytometry and anti-tTG2 intestinal deposits, were obtained (see S2 File) [23] .
Compliance with the GFD during the trial was assessed by an expert dietician (M.I.) at both baseline and final visit, using analysis of 3-day food records. FODMAP intake was unrestricted. Adherence to the study protocol was monitored by returned unused sachet count at each study visit. During the entire study period, the use of anti-diarrhoeals, spasmolytics, and other drugs causing constipation was not permitted.
Withdrawal criteria
The reasons for withdrawing a patient early from the study were the following: 1. Intolerable symptoms after at least 1 week of challenge; 2. The need to administer a concomitant medication that was prohibited in the study protocol; 3. Lack of patient cooperation.
Clinical outcomes evaluation
Our primary end-point was clinical relapse at 6 months, defined as a worsening on any of the symptom scales of more than 40 points over baseline. Secondary end-points were to assess the presence of CoD biomarkers in patients on a GFD (at baseline), and to evaluate changes in overall and individual VAS, GIQLI, serology, histology, and tissue CoD biomarkers.
Statistical analysis
Sample size was calculated based on the primary end-point clinical relapse rate at 6 months. We hypothesized that gluten-dependency in the selected HLA-DQ2/8+ patients with clinical and histological remission after a GFD would be high. Thus, it was considered that the relapse rate after gluten challenge would be 80%, while after the placebo challenge it would be 15%. Assuming an alpha value of 5% and a 90% statistical power to yield a statistically significant result (Fisher's exact test), the calculated sample size was 8 patients per group.
Efficacy was analysed for the intention-to-treat (ITT) population. Results are given as mean ±Standard error of the mean (SEM) or percentages (and their 95% confidence interval, CI). Fisher's exact test, paired or unpaired T-test, and Mann-Whitney test were used for the statistical analysis, and type 1 error rate was 2-sided with alpha = 0.05. All statistical analysis was conducted using the SPSS for Windows statistical package (SPSS Inc, Chicago, IL, USA).
Results
Patient population
Twenty-seven patients fulfilling inclusion criteria were evaluated. Nine patients did not agree to participate for fear of clinical recurrence. In all, 18 patients were randomised (gluten, 11; placebo, 7) and eligible for ITT analysis. The flow of patients throughout the study is represented in Fig 1. The baseline demographic and clinical characteristics were similar for the two treatment groups (Table 1 ). There was a trend toward a higher baseline clinical score in the gluten than the placebo group, but symptoms were mild (mean score, 120 vs 67, for a score ranging from 0 to 400), and there were no differences in HRQoL. S1 Fig presents the evolution of IEL count after GFD, previous to trial inclusion. Adherence to GFD was excellent throughout the study; in addition, adherence with the gluten/placebo sachets was also excellent, above 90% in all patients and without differences between study groups.
Clinical evolution
The evolution of the total clinical score throughout the study in both groups is shown in Fig 2. Ten out of 11 (91%; 95% CI, 62-98%) patients developed exacerbation of symptoms in response to gluten and did so within the first two weeks; 7 of them (63.6%) were prematurely withdrawn because of intolerable symptoms. The non-relapsing patient was also prematurely withdrawn after 4 weeks for reasons unrelated to the study.
In contrast, 2 out of 7 patients (28.5%; 95% CI, 8-64%; p = 0.012 vs gluten) developed exacerbation of symptoms with placebo, but none of them (0%) presented severe symptoms requiring premature withdrawal (p<0.01 vs gluten).
As shown in Fig 3, representing changes in symptom scales (according to VAS) from baseline to the end of the study, the scores for overall symptoms, flatulence, abdominal bloating, abdominal pain, and diarrhoea worsened significantly only after gluten challenge. Serum antitTG2 and EmA antibodies remained negative in all patients.
Health related quality of life
The evolution of HRQoL assessed by the GIQLI in both groups is shown in Fig 4. The five patients prematurely withdrawing in the first 2 weeks after gluten challenge did not complete the questionnaire at withdrawal. In the other 6, there was a significant deterioration of HRQoL. There was no significant change in HRQoL with placebo.
In the gluten group, there was significant worsening in the symptom, physical and social scales, from baseline to end of the study (S2 Fig). There were no statistically significant differences in any of the scales evaluated from baseline to end of the study in the placebo group.
Histology and tissue CoD markers
The evolution of IEL from baseline to final visit in both groups is shown in Table 2 . Seven out of 11 patients in the gluten group had a follow-up biopsy after a median of 12 weeks (IQ range, 4 to 24) of challenge. No patient developed atrophy. There were no significant differences in IEL count when comparing baseline to final. However, there was an increase in IEL count in 3 of the 7 patients, all 3 showing increase in CD3+γδ+ IEL (two of them had received the gluten challenge during 6 months, and the other was withdrawn at 3 months).
At baseline, 5 out of 11 patients in the gluten group had a coeliac IEL cytometric pattern, and 2 of them also had IgA tTG deposits. After gluten challenge, the same 5 patients had increased CD3+γδ+ IEL, while IgA tTG deposits persisted in one of them and appeared de novo in another.
The presence of tissue CoD markers in the baseline biopsies allowed classifying 5 out of 11 patients of the gluten challenge group as probable 'coeliac lite' disease cases (45.5%). The clinical worsening after the gluten challenge in these 5 patients supports this diagnosis.
The 7 patients in the placebo group had a follow-up biopsy at 24 weeks (Table 2 ). There were no significant differences in IEL count when comparing baseline to final. Two out of 7 patients had increased CD3+γδ+ IEL at baseline, and 3 additional patients had IgA tTG deposits. At follow-up biopsies (all at 24 weeks), after a strict GFD supervised by a dietician, the increase in CD3+γδ+ IEL persisted in only 1 patient and tTG deposits persisted in another. In 1 additional patient, IgA tTG deposits appeared de novo.
Discussion
Since Michael N Marsh's original descriptions, Marsh grade 1 lesion has been considered as part of the spectrum of CoD [7] . In recent years it has been reported that about 40% of NCGS patients have an increase in IEL count up to 40%. Therefore, it becomes important to make a proper differential diagnosis between CoD and NCGS in patients showing a Marsh 1 lesion. In the former, GFD probably should be as strict as it is in patients with atrophy, whereas in the latter the objective is to achieve relief of symptoms. In this sense, positive coeliac serology clearly supports a CoD diagnosis in these patients [24] . Recent trials suggest that gluten challenge induces symptom recurrence in only a minority of patients who meet clinical criteria for NCGS [17, 18] , suggesting that other components of wheat might be the triggers of symptoms in NCGS. In contrast to these studies, the present trial demonstrates that there is a subgroup of patients fulfilling the criteria for NCGS in whom gluten-challenge was associated with clinical relapse (in 90% of patients), whereas this only occurred in 28% of patients challenged with placebo. Since these patients were characterized by gastro-intestinal clinical symptoms within the clinical spectrum of CoD, presence of HLA-DQ2/8+, Marsh stage 1 lesion, and a clinical and histological response to a GFD, the question remains as to whether this condition should be considered a low-grade CoD (also called 'coeliac lite' by some authors) or NCGS.
Noteworthy, in spite of a relatively high daily gluten intake no patients developed positive serum IgA anti-tTG2 and none of those with follow-up biopsies developed atrophy, which are criteria previously used to consider CoD in these patients [25] . In this regard, a high γδ IEL count and/or the presence of anti-TG2 deposits in the mucosa have been thought to increase the likelihood of CoD, since these tissue markers appear to be extremely specific for CoD [8, 23] . A recent study suggested that γδ IEL count using flow cytometry is more accurate than anti-TG2 deposits in detecting CoD in patients with Marsh 1 lesions and positive coeliac serology. Of note, the presence of an increase in γδ IEL count was 91% specific for CoD [23] . In the present study, these tissue coeliac markers were present in around 55% of patients at inclusion, despite their being on a GFD, suggesting a 'coeliac lite' disease. Previous studies of CoD with atrophy have shown a permanent increase in γδ IEL, even after a GFD [26] , considering that this marker may provide a clue for CoD diagnosis and offering the possibility of identifying CoD patients when they are on a GFD, even when histological examination of the biopsy shows recovered mucosa. The results of the present study suggest that this assertion might also be applicable to Marsh 1 seronegative patients. Further studies are needed to ascertain the accuracy of this parameter as a CoD biomarker. Gluten challenge may be unnecessary in these patients, since the presence of an increase in γδ IEL might be of help to classify them as CoD. In contrast to CoD, the presence of increased T-cell receptor γδ IELs in NCGS is controversial, with one study showing increase [27] and another not [20] . In the former study performed in Finland, CoD was ruled out on the basis of a negative HLA-DQ2/8 study. However, the frequency of HLA-DQ2/8 negative CoD in Finland is around 2.4% [28] , and thus CoD could not be definitely excluded only on the basis of negative celiac-type HLA. Likewise, it is important to note that the presence of tTG deposits was less regular than γδ IEL+, probably reflecting both their non-homogeneous tissue distribution which could induce a biopsy sampling error, and their presence at low intensity in around 20% of healthy controls [23, 29, 30] , which could yield false-positive interpretations.
The amount of gluten chosen for rechallenge merits some comment. The relatively high daily gluten intake used could be responsible for early symptoms and withdrawal. However, a dose of 20 g per day is similar to the amount used in a well-designed trial in NCGS patients [16] . In this trial 16 g/d of gluten did not trigger more symptoms than placebo. We used 20 g/ d, which is the average consumed daily in Spain, because we aimed to demonstrate in a 'proofof-concept' trial that gluten was responsible for symptoms in the particular subgroup of patients included in the present study.
It is still unclear whether NCGS is a permanent or transient condition [10, 31] . In the present study, one patient (9%) with a previous clinical and histological improvement after GFD had no clinical relapse after gluten challenge and did not express tissue CoD markers at baseline, suggesting the existence of a transient NCGS. In this sense, a gluten challenge after 1-2 years on GFD has been advised [29] , and our results confirm that this approach could be appropriate.
The present study has some limitations. We selected a parallel design since in previous studies using a cross-over design, an important nocebo response was observed. Regrettably, the present design precluded knowing what the final diagnosis of patients in the placebo arm was. However, the baseline presence of tissue CoD markers suggests that at least 4 out of the 7 patients could have a 'coeliac lite' disease. Another limitation was the small sample size analysed, in part due to a considerable number of patients not providing consent to participate in the trial because of fear of relapse. Also, in our unit CoD markers have been analysed in recent years at diagnosis and thus we have no more naïve patients for these measurements. In spite of this, the sample size was sufficient to demonstrate the main aim of the study, i.e., that most patients had gluten-dependent symptoms. In addition, the secondary aim was also confirmed, i.e., that in spite of patients being on a GFD, CoD markers were positive at baseline in more than a half of them.
In conclusion, this proof-of-concept study indicates that gluten is the trigger of symptoms in a subgroup of patients fulfilling the diagnostic criteria for NCGS, which were characterized by positive coeliac genetics, lymphocytic enteritis, and clinical and histological remission after a gluten-free diet. 
